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GenBank submission over email. VAPiD handles batch submissions of multiple viruses 9 7 of different types without prior knowledge of the viral species, correctly annotates RNA 9 8 editing and ribosomal slippage, performs spellchecking on annotations, handles batch or 9 9 individual submission of metadata, runs with a simple one-line command, and creates 1 0 0 annotated viral sequence files for GenBank submission. VAPiD can be downloaded at https://github.com/rcs333/VAPiD. An installation 1 0 4 guide, usage instructions, and test data can also be found at the above website. The 1 0 5 invocation of VAPiD is shown in Figure 1 , users must provide a standard FASTA format 1 0 6 containing all of the viral genomes they wish to annotate. Users also must provide a 1 0 7
GenBank submission template (.sbt file) that includes author, publication, and project 1 0 8 metadata. The GenBank submission template can be used for multiple viral sequences provided, VAPiD will prompt the user to input the required sample metadata at runtime. Additionally, users can provide a specified reference from which to annotate all viruses 1 1 7 in a run, as well as provide their own BLASTn database or force VAPiD to search NCBI's 1 1 8
NT database over the internet. The VAPiD pipeline is summarized in Figure 2 . The first step is finding the correct 1 2 0 reference sequence. This is accomplished in three ways 1) using the provided reference In the default case, NCBI's BLAST+ tools are called from the command line to 1 2 5 search against a reference database that is included with the VAPiD installation. This 2018. The best result from this search is passed as the reference into the next steps. If the online option for finding the reference is specified, VAPiD finds an 1 2 9 appropriate reference sequence for each genome to be annotated by performing an If a specific reference is provided, VAPiD simply downloads it directly from NCBI. After the correct reference is downloaded, gene locations are stripped from the The diverse array of methods viruses use to encode genes can present problems 1 4 7
for any viral genome annotator. Ribosomal slippage allows viruses to produce two 1 4 8 proteins from a single mRNA transcript by having the ribosome 'slip' one or two 1 4 9 nucleotides along the mRNA transcript, thus changing the reading frame. Since 1 5 0 ribosomal slippage is well conserved within viral species and complete reference 1 5 1 genomes often list exactly where it occurs, custom code was used to strip the correct 1 5 2 junction site and include it in the annotation. After ribosomal slippage and RNA editing are processed, files required for 1 6 7
GenBank submission are generated with the provided author and sample metadata. The second example use case highlights both the cross platform functionality of 2 0 1 VAPiD as well as the ability to manually enter NCBI required metadata at run time and 2 0 2 use an online BLAST search -reducing the number of required files at runtime to two. VAPiD can be used to annotate and submit viruses with only two input files (the author (https://viral-ngs.readthedocs.io/en/latest/) (Table) . VIGOR is an extremely fast and 2 1 6 automatic viral annotator that is able to correctly annotate any number of virus genomes 2 1 7 without prior knowledge of viral species or type. VIGOR also is able to correctly handle spend extra time worrying about scripting tbl2asn and manually preparing metadata files.
7
For those with powerful Linux machines and some knowledge of bash scripting we 2 2 8 recommend stitching VIGOR and tbl2asn together with custom scripts. However, for 2 2 9 those without the infrastructure or time to pursue this path VAPiD offers a reasonable 2 3 0 alternative.
3 1
The Broad Institute's publicly available viral-ngs package, also developed in 2 3 2 Python, represents another alternative to VAPiD. This suite of tools is custom developed 2 3 3 for internal Broad Institute users but publicly available and well-documented on GitHub. well suited for annotating large numbers of the same type of virus all at the same time. Another advantage of viral-ngs is that it contains many tools for going from raw After results have been returned a reference annotation is downloaded, if a specific 4 1 3 reference accession number is given than this reference is downloaded. Then the 
